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Abstract—The capacitive type transducers measure the displacement of rotating shaft using
the voltage difference which is formed between the sensor plates and rotor so that the measured
signal is not affected by the magnetic field generated by the magnetic bearing. In this paper,
the capacitive transducers are embedded inside of the magnetic bearing. In order to verify the
support characteristics of the capacitance sensor-magnetic bearing system, we experimented and
analyzed the magnetic bearing-rotating shaft system up to 12,000 rpm. The magnetic bearing system
proposed in this paper, successfully supports the rotating shaft and we can remain the maximum

displacement below 5pum at 12,000 rpm.
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Fig. 2. Block diagram of analog PD controller.
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Table 1. Constants for analog PD controllers

T 10 Kr 3.332
T2 2X107° Kp 5

T3 5X107¢ Kp 5

Ty 1.67X10°* Ts 5X107°

Co=1+1s5/T3+ 2ti/ws

Cg=1/13

CF:KP'KT'r%

Ce=2K, Kr' 11+ Kp Kr&/ta+ Kp- Kyt
Ca=K,"Kr+ 2K, Kr-ti/ts + Kp-Kr* T2
Ci=Ke*Kr/t,
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Fig. 3. Built-in capacitance sensors and magnetic bearing.
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Fig. 4. 2-Dimensional model of 3-mass Jeffcot rotor.
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Table 2. Dimensions of the shaft and rotor

KL, Kr 1.74X10° N/m mp 0.1654 kg
K., 15 X10°N/m mc 0.1544 kg
K. 1.5 X10°N/m mg 0.6998 kg
Cs, 15 X10'N-s/m ec 15 um
Che 1.5 X10'N+s/m er 5 um

Magnetic Bearing——
Cylindrical Capacitance Sensor-——
Oilless Bearing

{ L
bo12 ':ffﬁl
o I(‘?ND

00T, 365 6.5
630

[ ——— -

Fig. 5. Schematics of magnetic bearing-shaft system.

w8 vy g 2 P9 77 K, ¥ GE
EAsHh &p7] el e XY F, °i FA1%
o} ejx 7t Ao e Es Aspel r]qigk o
B2 7)stet FAdlA AHe FA7R o] Az eF
AHg-ste] veldigloh ADAS 679 FuAAle
43} Runge-Kutta wA1& Abg3le] A|7hgHE()el) oA
dlod 3] A3}t

A7) Mol A7 Foiz M9 Axe] o))
249 50%2) Aol hatel Aol AL Ftod
Faa G olste] 2AHE ghoE P

Mol (7) i (8)/‘] S diglste] A17HEFR(D)el] 9
A7) Waks ik § qlok

s Aol A% 3 KZ9 7+ A YL Table 29 v}
24sjo] glek

6. AEEX|

WabE AR A A7) AERE 27

—

wejal A
~H9) HAF AAEY 2 ol WE HARe A
R4S 2R fstel Fig 59 e H4% 4
32 s

o] 630 mm, 37 12mm<el &2 FH&o F
&3 vloleol Slato] Axsha FEEke 7] Hol
& AMEsle] #A|F A AHEE 12,000 rpm7HA)

3%

o

FAAARA A7) ol sl del w%e
A4 s e wEselch H4Fe WaE 3
H5b) f1skod A7) wiojedel AR 429 B
HATR A A2 Abgstson o] A%

i ¢

L

0.
iy X



« 20um »

Experiment

Simulation

-

1200 2400 3600 480C 6000 7200 B400 9600 10800 12000
rpm
Fig. 6. Orbits of the rotating rotor at magnetic bearing
position.
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Fig. 7. Major and minor orbit radius of the rotating rotor
at magnetic bearing position.
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